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ABSTRACT

- An 8-in. saddle-type propeller meter was calibrated in the laboratory
for normal installation-with 30 diameters of straight pipe upstream of
the meter and for a severe test of accuracy with the meter installed 6
diameters downstream of a 90 deg mitered elbow. - Discharges indicated
by the propeller meter, obtained by timing the totalizer register in the
meter head, were compared to values obtained simultaneously using

the Venturi meters installed in the hydraulies laboratory for use as
measuring devices. The Venturi meters, volumetrically calibrated,
are accurate to within 0. 5% of the actual flow. The meter was tested
in 2 different sizes of pipe, and the effect of flow straighteners on the
meter accuracy was investigated. For the normal installation with

flow straighteners, the meter accuracy was 129, for discharges between
. .0.55 to 3. 33 cfs; but the accuracy decreased in the lower range of 0.22

" 't0 0.55 cfs. For the meter downstream of the elbow, the accuracy was

.29, for discharges from 0.65 to 3.33 cfs. In both installations, the

meter read as much as.13% low at the minimum-rated discharge of :

0.22 cfs. Flow straighteners increased the meter accuracy by as much

as 1.5% in both installations. Tests of the meter in 2-sizes of pipe

~ ghowed besf accuracy when the inside diameter of the pipe was 8.00
in. : -

‘DE_SCRIPTOBS--,*méte'rs/ current meters/ *flow meters/ velocity
_meters/ Venturi meters/ *water meters {.closed conduits/ hydraulics/
pipelines [ water pipes/ *water measurement/ *laboratory tests/ fluid -

flow/ research and development/ irrigation/ discharges
IDENTIFIERS -~ *flow straighteners/; *propeller meters
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A meter accuracy within plus or minus 2 percent of the actual flow was
- obtained for discharges between 0.55 and 3. 33 cfs {cubic feet per second}
{245to0.1, 500 gallons per minute). The meter was installed with flow

. straight pipe upsiream of the meter, Figure 4, Curve 2. The meter accu-
¥ ‘racy decreased rapidly for discharges less than 0,55 c¢fs. ‘At the manu-
. facturer's minimum rated discharge of 0.22 cfs, the accuracy of the .
" _meter used-in this study could not be: accurately measured. A 90°:
-.elbow 1nstalled about L dlameters ups..ream from the propeller reduced
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INVESTIGATION OF AN 8-INCH PRO_PELLER METER
SUMMARY

'The dzscharge charactenstlcs of a new 8-inch saddle—type propeller

meter, Figure 1, were investigated in the hydraulics laboratory as
part of the Bureau of Reclamation's water measurement program for

‘evaluating and developing water-measuring methods and devices.

Discharge measurement .accuracy and operating characteristics were

.determined for the meter in two pipelines of different inside diameters.

In one series of measurements, there were 30 diameters of 'straight

. pipe upstream of the meter in both lines. In a second test series,

the discharge characteristics were determined for the meter installed
6 pipe diameters downstream of a 90° mitered elbow. The change

in the accuracy of the meter was determined with and without the flow
straighteners supplied with the meter in both test series.

The discharge through the propeller meter was measured by volu-
metrically calibrated Venturi meters. The meters installed in the
Hydraulic Laboratory for .use as measurmg devices, are accurate to

~within plus or minus 0.5 percent. A dlSChaL ge ratio, indicated pro- . . .
‘peller meter discharge divided by the measured discharge through - ! . -

the:pipeline, was used as a measure of the accuracy of the meter for N
both installations. Calibration curves were drawn as best- fit lines -
through points plotted using the discharge ratio as the ordinate and the
Venturi meter (actual) d1scha.rge as the abscissa, Flgure 4, 5, and 6.

stralghteners in a 7..97-inch-diameter pipe and had 30 d1ameters of

7o - ‘ .:i"-




the meter registration by 1. 7 percent in the 7. 87-inch pipe, Figures 3
and 6. Flow straighteners upstream of the propeller increased the
accuracy by about 1.5 percent in both meter installations. Installa-
tion of the meter in a pipe of less than 8. 0 inches inside diameter
causes the meter to overregister. For a slightly undersized pipe,
7.18 inches inside diameter, the meter registers about 7 percent-

'too high (Curve 1, Figure 4). A pipe diameter -of 7. 97 inches caused
about 1.2 percent overregistration‘(Figure 5, Curve 1).

INTRODUCTION

The need for accurate and reliable water -measuring devices is be-
coming more evident as the use of irrigation water increases. As
more and more land is placed under irrigation, the demand for water
increases, necessitating a complete and accurate accounting of the flow

: from the main diversion structure to the farm turnout. The Bureau of

Reclamation conducts a water measurement program for the purpose
of evaluating new and existing flow-measuring devices to find better
- methods and 1mprovewthe accuracy of water Jneasurement.

/(r

| '.The calibration of an 8- mch saddle-type,propeller meter was per-
~ formed in the Hydraulic Branch of the Bareau of Reclamation as part
.of the water measurement. program ,;'.--
- 7
. . . L A
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CALIBRATION FA’CILITIES

" Meter . -:ﬁ L ' *l
. _ . ,'
-The meter used for cahbratmn studlr’)s was an 8-inch. saddle type
‘propeller meter, of a type used inmany irrigation districts and -
readily available for purchase (Figure 1A). The 7-inch- d1a.meter
plastlc propeller and shaft housing was inserted into the pipe through-
a 5-inch-square hole cut into the crown:of the pipe. The meter
~coverplate was sealed to the pipe against a rubber gasket usmg the
i three U -bolts whlch are a part of-the. meter assembly

i _'All of the metal parts of the meter except the packmg umt on the

- .propeller shaft and the meter head were. coated by the manufacturer

<-with a'tough pliable plastic. The meter head contained a flow
totalizing register that could be read to'the nearest’'0.0001 acre-

- foot (43.56.cubic feet), An’'instantaneous flow:rate needle and d1al'_ o
. graduated in increments:of 100 gallone per minute was included in - -

. the: register, Figure 18, The rated range:of the meter according

-...~tothe, manufacturer 5 catalog is: 100 to 1, 500 gallons per. m:mute
__-(0 22 to 3 3 cfs) o _ R _




‘Meter Test Facility

The propeller meter was installed in a 35-foot-long straight pipeline.

A 90° mitered elbow was connected at the inlet to the pipeline. An
8-inch gate valve at the downstream end was used to control the dis-

- charge, Figure 2A. Couplings for the test pipe were of a sleeve

type to facilitate assembly and disassembly of the pipe and test

section. The propeller meter was installed in a short test section,

Figure 2B, and this section was inserted in the pipeline at the desired

location. Three 10-inch-long enameled straightener vanes 2 inches -

wide by 1/8-inch thick supplied with the meter could be installed just

upstream of the meter propeller. Figure 3 shows the meter installed

just downstream from the 90" mitered elbow.

CALIBRATION PROCEDURE

Test discharges through the propeller meter were measured with

~ ."the 4-, 6-, or 8-inch Venturi meters and controlled by the gate
valve downstream from the propeller meter. - The downstream valve
was used to control the discharge, causing the test section to flow
full, and preventing free-flow conditions ‘at the propeller

- The- total indicated volume of water passmg the meter during a
‘measured time interval was the difference in totalizér readmgs at

the start and at the end of the interval. The time, measured by a’
stopwatch, for each test ranged from .about 6 to 17 minutes for indi-
cated flow volumes from 0.01 to 0.16 acre-foot (436 to 6, 970 cubic =
feet). The discharge indicated by the propeller meter was determined
by dividing the total indicated volume in acre-feet by the time interval,
and convertmg to cubic feet per second. The flow rate indicator was
read for ezéhirun and the reading compared with the flow rate calcu-
lated from the totalizer reading. The discharge measurement ac- '
curacy of the meter was determined by comparing the propeller meter

. indicated flow to the flow .measured by permanently 1nsta11ed volu~ :

' 'metncally callbrated Venturi meters. . - :

4 VTEST SE‘RIE.S -

, —'Slx serles of tests, ie. R six cahbratmn curves, were made to study
. 'the discharge characteristics of the propeller meter for various
flow; p051t10ns and at'rangements of the plpehne. L

. ‘For: Ser1es 1, the rneter was 1nsta]led in a 3.5-foot- ~long: test sectlon B
e _of pipe: (dlameter 7.78/inches). The test section was inserted inthe =~ .
- -pipe with 36 d1ameters of ‘straight. pipe: (d1ameter 7.78 inches) upstream-ﬁ :
~i-ofthe’ test section.” ‘Theflow" stralghteners were-in place for this
- series. Twenty {ests were madé in thls serles for d1scharges betwee.n o
‘-‘0 47 to 3 55 cfs, Curve 1 Flgure 4. ' : :




A 5-foot section of 7. 97-inch-diameter pipe was used'as the test sec-
tion for Series 2 with 30 diameters of straight pipe (diameter 7.78 '
inches) upstream of the test section. Flow straighteners were-in

" place for the series. Eighteen tests were made in Series 2 for dis-
charges ra.ngmg from 0. 32 to 3.35 cfs, Curve 2 Figure 4.

: 'Ser1es 3 was snnllar to Series 2 except the 30 diameters of straight
pipe upstream of the test section had a diameter of 7. 97 inches or
‘the same diameter as the test section. Twenty tests, 0.40 to 3. 27 cis,
‘with flow straighteners installed were performed Curve I, Figure 5,

-In Series 4, the 5-foot- -long test section of 7.97-inch pipe and 30 diam-
eters of the same diameter pipe upstream of the test section were in-
stalled, but the flow straighteners were not in place. The cahbratlon
-curve for Senes 4 is Curve 2, Figure 5.

' For Series 5 a.nd B the 5-foot test section was installed dowrstream
from a 90° mitered elbow of the same diameter as the tesi"Section _
(7.97 inches). - The test section was installed 16 inches downstream

-of the elbow. thereby placing the propeller about 6 diameters down-

- ‘stream of the elbow, Figure 3B. The flow straighteners were in

place for Test Series 6, Curve 1, Flgure 6, but were not mstalled for
- Serles 5, Curve 2. : :

DISCUSSION OF RESUL'I‘S

--ReSults from Test Serles 1 for wl:uch the pipe diameter was 7. 78

- inches, show a registration of ahout 107 percent for dlscharges :
larger-than 1.0 cfs, Curve 1, Figure 4. Available literature from
the manufacturer on installation of this meter did not indjcate that .

~ -an 8-inch~inside-diameter pipe is required or specify thé allowable

- thickness.of wall pipe. If an 8-inch-inside-diameter pipe is:the
‘design diameter, than the 7.78-inch-~ dla.rneter pipe has a flow area
5.33 percent less.than the design'area. This area correction would |
help to offset the overreglstratlon characterlstlcs of the- meter

.To lnvestlgate the effeet of p1pe diameter on the reglstratlon of the
_meter, Series 2, was performed using a test section diameter equal
. to 7.97 inches. The calibration curve for Series 2 shows a'registra-
~_tion.of about 101. 2 percent for discharges above 1.0 cfs. The 7.97-inch .
- .;plpe has'a flow area: 0, %O percent less than an B—mch 1nsxde dla.meter
:...._:plpe.- : A - SR . i

A th1rd plpe W1th a dlameter d1fferent from. the two plpes tested was

~not: avalla.ble 'to determine- whether the percent of overreg'fstratmn for
L dlscharges over 1.0.cfs and pipe area reduction for the two pipes - -
. itested. Figure' 7. mdlcates that for zero: overreglstratlon, the 1n51de :
: .-:-rgdlameter of the p1pe Should be about 8, 01 mches. SR L .




Test Series 3 and 4 determined (1) the measurement accuracy of the
meter for 30 diameters of 7. 97-inch-inside-diameter straight pipe
upstream and (2) the effect of flow straighteners on the registration

of the meter, Curves 1 and 2, Figure 5. Series 3, with flow straight-
eners, shows a registration of from 101'to 101. 7 percent for dis-. :
charges exceedmg 1.0 cfs. Without flow straighteners, the meter =
registered about 102. 5 percent of the actual discharge. Information
available from the manufacturer did not indicate the accuracy speci-
fications for this meter, but the general 5pe01f1cat10n for propeller
meters of this type is plus or minus 2 percent over the rated range -
of dlscharges. Discharge ratios between 98 and 102 would fall within
the plus or minus 2 percent accuracy range. For this meter with
flow stralghteners installed in a pipe of dlameter 7.97 inches, the’
plus.or minus 2 percent accuracy is achieved for discharges from
0.55 to 3.5 cfs, Figure 5, For discharges less than 0.55 cfs, the.
dlscharge ratio decreases rapidly and at the manufacturer's recom-
mended minimum flow (0.22 cfs) the discharge ratio could not be
accurately measured. The propelier of this meter did not rotate ;
when the discharge was 0. 18 or 0. 04 cfs less than the manufacturer's
mlmmum d1scharge. !

In Series 5 and 6, the meter was 1nsta11ed downstream from a

90° elbow to study the effect of the elbow on the meter registration
with and without flow straighteners. The calibration curves resulting
from Serieg:5 and 6, Figure 6, show that the reglstratlons are lower
-for the meéter installed downstream of the elbow than for the meter.
with 30 diameters .of stralght pipe upstream. .With flow straighteners
.installed, the reglstratmn is about 99.5 to 100 for discharges greater
- than 0. 8 cfs with the sharp decrease in reglstratlon for d1scharges

- below 0.8 cfs. 4

For the meter downstream of the elbow w.ﬂ:hout flow stralghteners,.
the registration is between 0 and 1.5 percent lower than with flow
' strmghteners _ .

CDNCLUSIONS

The results and conclusmns presented in thlS report were obtamed
~ from a series of tests performed on one new propeller meter and

‘are indicative of the performance of this meter. Extrapclation of
‘these results to other propeller meters of the same type may not be
valid. No attempt was-made to, .evaluate the meter reliability or
performance on a long-term basis.. To fully evaluate the meter,
B addltlonal tests after 2 or 3 years of fleld operatmn ‘would be requlred

1. .The.8-inch saddle-type: propeller meter’ 1nvest1gated in th1s study

e -and installed in a 7. 97-inch-inside-diameter pipe, with flow straight-

‘eners ‘and 30 dlameters of stra.1ght p1pe upstream of the meter, -




mdlcated discharges w1th an accuracy of plus or minus 2 percent
between 0.55 and 3 33-cfs (245 to 1, 500 gallons per minute).

2. For. dlscharges below 0.55 cfs, the: accuracy decreased rapidly .
‘and at the manufacturer's minimum recommended discharge, 0. 22 cfn, _
the meter reglstratlon could not be accurately measured. ' ; '

- 3. Flow stralghtene & increased the reg15trat10n of the meter b _,r ‘ag
‘much'as'1.5 percent, both for the meter installed with 30 diameters =
of straight pipe upstream and for the meter installed downstremn oia -
ca 90° elbow. : : )

R The meter regj.stered about 1.7 percent less dlscharge when
__installed downstream of a'90° elbow than when installed with 30 di-
“ameters of stralght plpe upstream of the. meter. '

~The meter gave Ibest accuracy when mstalled with flow straight-
eners in-a'pipe of 7.97-inch inside diameter. Smaller diameters
caused the meter to overregister. ' :



Figure 1
Report Hyd-558

PXD-46900 NA

A. Eight-inch propeller meter used for laboratery
calibration.
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[PX-D-54978 NA |

B. Propeller meter showing totalizer register and flow rate indicator,

PROPELLER METER STUDY
Fight-inch Saddle-type Propeller Meter




Figure 2
Report Hyd-558

PX-D-54979 NA

B. Eight-inch pipe test section with meter installed.

PROPELLER METER STUDY
Laboratory Test Facility and Meter Installation




Figure 3
Report Hyd-558

A. Laboratory facility with meter installed down-
stream of 90° elbow.

B. Meter installed downstream of 80° elbow.

PROPELLER METER STUDY
Meter Installation Downstream of 90° Elbow
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) . CONVEREION FACTORS—EBRITISH TO METRIC UNITS (F MEASUREMENT
The follcwing converslon factors adopted by the Bureau of Reclamation are t.hnae published by the American Soclety for
Pesting and Muterials (ASTM Metris Practice Gulde, Jaruary 1964} except that additicpal factors (=) comnonly wsed in

the Burean have been added. Further discussion of defiritions of quantities and updts is given on pages 10-11 of the
ASTM Metrio Practice Guic_ie. : - . :

he petric wits apd conversion factors adopted Ly the ASTM are based on the nIntermational System of Tnits" (designated
51 for Syateae Interpationsl A'Unitea), fized by the Interpatiopsl Comdttes for Wedghte end Measures; this system is
.also kpown m= the Glorgl or MISA (meter-kKklogran (mess)-secopd-aspere) gystem, Thie gytten bas been edopted by the
Internaticral Organizaticon for Standerdissiion. In 150 Reocsmendatiom B-31. T

‘ The metric technical undt of foree 18 the kdlogram-force; thia im the force whiech, when epplied to a body baving a -
“pmes of 1'Xg, gives it an acceleration of 980665 &/ Bec/eec, the gtandard mceeleration of free fall toward the earth's
center for sed level at 45 deg latitude. " The metric wmit of fores in ST umits 1s the newton {N), which is defined as
‘ghat Corce which, when spplied to a body baving a mese of 1 kg, gives it an ecceleration of 1 n/Bec/oen, - These umdts
. sast be dietinguished from the (incanstant) loeal weight of s body ba a masg of 1 kg; that is, the welght of & -
body {a that foree with which a body is ettrected 4o the earth and 1 equal to the wasa of a body multiplied by the

. ~ accelerstion due to gravity. Nowever, becaupe it is general practice to use "pound" rather than the technically

sorrect term "pound-foree,” the term "idlogram®. (or derived mass unit) bas been used in thia guide inptead of "kilogram-
foros" in expresolrg the conversion fectors for forees.  The newton urdt of I increaping use, end 1o
eesertial in ST umite. ) o o
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